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(54) DATA PREFETCH METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a wait caused by 
memory reference and a wait caused by the depending 
relation between instructions by generating a 
dependency graph having a branch between a generated 
prefetch instruction and a correspondent memory 
reference instruction. 

SOLUTION: A prefetch instruction generating part 109 
consists of an intermediate word 104, to which the 
prefetch instruction is added, by inputting an 
intermediate word 1 02 and generating the prefetch 
instruction concerning the memory reference instruction 
having the high possibility of cache error occurrence 
among the memory reference instructions contained in 
the intermediate word at the main body of a loop. Next, 
at a dependency graph preparing part 1 1 1, a dependency 
graph 105 is prepared by inputting the intermediate word 
104 containing the prefetch instruction. Afterwards, 

software pipelining is jp plied to th e^dependencv-graph — " 

~105"by a software pipelining part 1 12 and a software 

pipelined instruction schedule 103 is provided. Thus, the prefetch instruction can be scheduled 
so that the wait caused by memory reference can be hidden. 
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[f«#Jgl ] ffi<0#fr«0^k**rLT±fitt*»& ! ** 

■y is*** y ic-f-^t^^^ 7 1 ,y ***** 

( b) f«isa«5nfc+ia3- wzm^x ? vt^, 

( c ) ,1,-Tcomtc 6» 0 ii L fcSfc£*>** *<tT 4 - 

rU7x ••/ ***k * * y WB**f4 3 tftf^RU 

[ 2 ] Ml ETr&coMK** -y 7 ( c ) fcfc v vC . 

i ii^fl 3 ) teo***)*?? fc MtT 1 1 * * 

y 2/*>*'J (tr-**®**-*^ 7 * ****** 
fifiH* £ 1 ^<MRMWfc7° 'J7x7 » *■ - 

( c ) iiuie4>H3 - f k*-?v >t . mmmto%7° y 7 x 

-/ -HM* fc * * 'J ^ ** k «>BK=«*#^ 

:j¥^7£#j£U 

( d ) ;W-7V>** i>** 0 51 L fr«la*to*T *frT 4 - 

k r ± o ^laoasea^fciR *J RS^* 1 -* 1 0 *f * 

[»*JS4 ] t»E*^WE^* v 7-{ e ) fctJV vC . 
( e 2)«IEHBB$^«aSW^y 7 x -y 

aaswr y 7 x tzt zmmt -th 

mm. 3%M07—?7V y * 

tjeassii fewwu 7 x **^«^5^ 



-^yT'x-y^TjS. 

[iima6] fluwtfe^^TkM'fftTiia^*^^^ 

MET y 7 x -y mt*^ *V ! \V£>1 

-rs-f- ?7°y 7 x ••/ f-**. 

t 0 0 0 1 1 ^H^t 

^^y-y^tS^CiOf-^T-^x^ 
&3 yy\M fr-tf&fcffith. 

[0002] 

U iiM^^flcffWfiRtci^itS^k.^^y* 

[°ooo3] ;u-rrt<o^ra^>«t#sw*^<t4W*> 
li y^h-zxT^r^-^^W^^^' 

^lyy^^ttti^t^OfltS-CSi. V7Wx 

r/sMT5>f-^k(i, ^'Jyxtx 

y 7 ^l7 MMT-^-f-V^ 4> PA-RISC 
3 yy^7, ti-W^-I'^-^ 39 
-45M 199 2^(S. Ramakrishnan, Software pip 
elining in PA-RISC compilers, Hewlett-Packard Jour 
nal PP • 39-45, 1992) hhX ^4^1:, )V-7° 

tmm^tz>v-7°x'\i. ;w-r««fflWft*Krnci 

-^kB*^4^m®a5r^^ :3 - h ' 2: * tTL ^ * 

-^k«*{f*t43- vzMm-rz ttx 
^-/tmm^-v^miLxmmm^w & 

LOU?? - k Sr -twwak-ti . 

[0004] ^^<0«#W«l' i h&htztt LX . ^ 

^ y #«tc ± 4#*>ti v 7 b 7 x r c i 2>¥ifeo*-m 
ttkro-fe -y-9-oraciast. «Bfi«i$^r-^«r 

df -y ^ * ±fc*V ^X WSK«Br# 4<t 3 lcLTV-» 
-^RfiJffl^v^=5rk'Wi, = 
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[0005] zzx\ mm. t^u-fflk ff^v 

UXA 7* 7'J7i7f>^ ro-z-f^^' :* 
7 If 5 4 y^-tyatn/ 3V7r^ jj-y 7 

y-is 7VH ^U-x-f ^fA, 6 2-7 
3H. 1 9 9 2^(T.C.Mowry, et al . , Design and Eva 
Tuation of a Compiler Algorithm for Prefetching, Pr 
oceedings of the 5th International Conference on A 
fchitectural Support for Programming Languages and 
Operating Systems, pp. 62-73, 1992) t^^^iXT V>i> 

i 3 iz . ±im& t>*wi'z.izT i -?t : Mfrnz^m 
vmmz£hft-hzi&m-r$>zttfu?>-t>tiT\<^ . 

[0006] 

7'j7i7 ^-^cDmMirn—y^wcomm^^^ 

y-V7x y J-ifo^tfftffZnhX 3 K y 7 h *7 x t>m 

UMlz^TiZW^HzZtiX^Kj:^. 
[00 0 7] ZZX\ #»U!<OSfWi. 7'J7i7f# 

tt^AJz^-yiz&tfhynyyKmft^x^ 'j# 
miz£ m-ht ^^mmmz x zimx-z 
^swuratfe^^'i-'j yr-xmzm&^&z kiz 

[00 08] 

n--rtft_tjr-^L'j-7- x -y-^-^<?3^ -sot— -o-^t" 

*t£3. 

[0009] -V 7yaM7)f-?OT'j7x7fyf 

7 ,| j7x7f}: > o-H*Wh-7^CJ:S^t l J 
x y i: ^ * »J mm*mc 3 ^cr»mz , Bf JRotS 

j: a tc , 7'j7x7 t^^'j ^m^com izm 
&mi&zmixx7- : jj.-v vy^ts: 3 . 

[0010JM1: 

(l)*^yi^$;*££t&t^S$ft&^0#PSifr 
[00 11] <2)±E(l)T-±j£L*:T0 7xyiHSr^ 



T^xy^fe^KJ^^y^x^DT-?*^ 
?JV&*&tz®X'* * 'J #!liSr^a*S6*T$ 
ix£ i 3 . 7'j7i7 t ^ * 'J #«g*-fr co^co 
7'J7x7f^CJ:l.='f j r7Xi^<7)f-^ 

[00 12] (3)±iE(2)-CfllJ«Lfcflc»^9 7K«U 
t\ V7h>)x7^M77-f-^5:ifflL, tfr^T.^ 
i;x-rt-£#£. ±iecoJ:dt^ V7h 1 )x7AM77 

ff-r-s. ztizi*). &%w\cr)&ifmmz± iwhtma? 
y^mm-t&ztizz-ox. Tuyx. y^-^tMm't 

$^'J mMMMM Z+ttM-t Z t tfX'Z h . 
[0013] ±ieig*»tdf -y j.>\C07-'-^<7)Ki*# 
tiLrf—iBfflliZl&V^ ht^itiSMiLX'fo 

hMzttLx. >v-7-*x'(rmm%}£<mm\±vu v 

tf§>w zcotztb, jv—r*xmiyj:k'izictixmmm 
=e v mmzfftc 3 %^-cc(± , -%.<?>7 0 7x7 info 

^2:±ieiS*^dfvy i/i^tt-rSCli:* { T-^i>%& 
rf^V-i,, -T^^. — JgcO^'J^x-yf-^tCioTN 

f-^co^ffiiN Hitc l jSff =5ri.{f i; t iztch . 
[ 0 0 1 4 ] 1 T'^L^X^^a.-^T'ti, ^0 
jMLltHS^'J^x yf-^^^ff-T^Tt^. 

[0015]'tf, *^2T'{i. ±ie^lO(l)*^ 
( 3 > iT<0«Hfc: i -5 T£jft3*lfc7 7 h ->x7^M 7° 

/USSrSSL. >I«^7''>l7x-y^-^SrSX0^<^i: 
T*®C^r7° 'J 7 x -y l-tirtttfmf ztv&\>* «t 3 ^-ri) . 
[00 16] ^2: 

(4)707x7 1~fo^cr>mi \t . -0CO7- 0 7x7 
^•T-7 , U7x y^-T'l'-i»7 :r -^iS:5rNfc-r St. N0tfO 

8*ifcV7 h'7xT>'NM7-5^y'fl:$iX7 t >:Xc>-v ; x-;P 

3fc-rS. 

[00 17] (5)±fe(4)cOM^3-H-C'<i. ^-^/l- 
SP^'N<7)fig^[l]il^$a. S^$iX7t^-^UgPc01[l] 
<r>m Oil LT'7CWP-7-<?)Nc7>fiimiEl7i-<7)^ 0 jg 

N0lc-|l]7-'J 7x y ^Mh&<»fir S<14 J: 3 . Km: 



(4) 



^¥9-2 23 6 1 



TU 7 x «K7'J7x7« 

[0018] **2Ttt, r U 7 x 7f**LV7 h*7 
l7AM - y^Sr&ffl LtelfcTirtWrT'y 7 x ••/ 

fc fc J: oT^ra^St^'V 7 h -7 x T^M 77 4 
L£d'BTEE'tx# ! *>&. , . 

x * o««wwtr y ^ 

KB* Utt , Z<r>&gBM:7 U 7 x -y f^fr**^ 
S3: 9 7^ 3 TttflaSW* ^ 'J 7 x -/ *«r* k - »» 

^y^H^i. *-*/l^)Bi»*«-KW7 'J 7 

„ C^-^-c-ry 7 x hTr-99flym^h 
tt*r y 7 x ,m»aw»J ^ - * **S2KS 

[0021] rnc«. **2TtMr*Mfcbfcik 

[0023] (2)lE(DtMU7-y7x,f^ 

ft«fcfl»fcUt:«0B»fir7-U 7 x .y*#wc«*au 

Vo0 24l (3)7CWU-7-^T^-^^kJta^ 

7l7f ^L ^ w *y#^^ wra< ^* ff 

[0025] (4)JJi(3)TW«Wi*-* AlW « 
es»# -S<DT y 7 x -v mtf- 9 Sr7-y 7 x -y 

WgmrrV 7 x ^HMH±5B«r 'J 7 x y*i&3 

[00 2 61 <5>JJa(4)0>W3-l 4 *fc** 5 '*- 
,^ifM7-'J7x,f^^- ^ilV 



settle R-«ory7x«yf-^* s %tr$n4«kot-r 
* Tike i .tMtftru 7 x 

loo 2 7 1 (6)±IE(5)-C«§^7-'J 7x 
4r^#H8-r 67^7^^7x7 * *t- * 

7 x -y t V 7 b -7 xT^7 

vj-yyzmmL. ^r^x^f^^c 

tSTC-f id k «7- y 7 x y ^HfcfrSWWt 
[0030] @2l±*^ H ^7j-i£2:*^^^»^ 1 

o<oWCft&. dcoMf ti. cpu 2 oi±r»ft^y,s 

* Cfx.^^7'^"x 7 h3-F204NSa»WMfcB«R 
B202MSiN , rf & « 

[003 1] 0312. *«BfllcJ:i.T-^<07-y7x-y 

^ ^ - y ^^m^-9tf&£?titi*^~?* 
^hbl -y xx302lc#!S^«Or-^*« 

tt^-^JH-*^ * 5~7* -y > v~>x302 
*■< . -y i^^U^*^*^^** 
-C* 0 ° #BlWfW>f f -** w f* -y ^xC$>lx{f^*y 

[0032] 7'J7x7f»W4. »0^<0»TkH 
H*fc±iE«303*»fe*+ -/ ->^302^#^^^T- 
gt ^,7yx7-n7?«^f B 2 
->x302^^ -y ^>x7 o -y «JJ 
6*>fc-HMrtM 7;HSc^^H5t7-y 7x7 ^-#^5:^ 

[00331 01 ic*^co-^li^«^*^- 0 
JdfcW S+iSSl02^ A7J L . 7- 'J 7 x -Hir**^ 
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nmmxitrnk^yv y^^m^yv y x 
[0034] ^ 1 izx o^-r^x^^i- 

a-9<0«USHT** . 7J3t 1 X'IZ. 7'J7i y f-dWS- 

£j£«im0*+I8IHio2£7Jj u ^-r^^^sisic 

^ftft^y#^ifr^>d*>, ^•y>'a$.x£ig.r 

tO 0 3 5] &ft.*^y#Mi*H*(::flLT=Sf-v 
<y yi =^*^# &Bjffi1bi«*63&>4f 3 iWCOWtli. 

b>*7T 3^5 7* 7'J7x 

>y^y?\ rny-f-fy^/ if 5 -f 

3 -f;P n^rl'XX ^-y T-*r-7^-3.T)V 
-V 7* 7dt'7S>7' y>y- : J TVY 
-f-fy/ isXy-J*^ 62-73H. 1992^(T.C. 
MowryfdJ, Design and Evaluation of a Compiler A Igor 
ithm for Prefetching, Proceedings of the 5th Inter 
national Conference on Architectural Support for P 
rogramming Languages and Operating Systems, pp. 62-7 

3, m2)X'm^^itT^&&ft&Wi j $>y°xD?'7M.<7)m?r 

'J 7 x y rttrittf7' ^xvftfiTFWtt, *tJ£-f 
[0036] fi:fc^ yP -T^gQQ- h'ffe% 

Toad xTT) 

FETCH X(i) 

[ 0 0 3 7 ] 3cte. tfc#^:7ffr£gfflllT'(i. 7*'J7 

05£ffr£-rft. £*>BL T'J 7x -y ?-ift^i:*tJfrtft.X 
t 'J 1 ^latCi^^r WmW£M B1S*» 4> a- y 

x'V* -v -y yx/D y ? 5-fej*-T'?>Otc:^-r-S.B#raUUi 

x-hzztzmi-ft*. y)y ^ v^^tnmth^ 
* y^ffr^fccoiatcisttft. »:tc fl<#^^7io5{c 

nLXVyh*7 x.T>Uy"y 4 ->?m\2 X'VyhV 
xTsUTyJ ->nmmLX . y7h-)x7AM7 
5-f>"fl:S«*lfc#fr^*-yA-A' 103£t#ft. 
[00 38] JjLhtfDidC r'j7i»mi:»JW 
ft** VtMMffli:. ^^jiS^'iieit*^^^ 

•yyaMfyyxT'Dv; 5r«5^f & CDlcg-f ft B§|3 



mz , 7'j7x7 f-i8M^ *ft.fc:*f ft* 'J #bs^ 
^ i: CDlS** N ±1 Bit*' W^7i'aMlr7i'a7*DK 

h<r>X\ * =e y#^K J: S#*>#Kf$t£:fift J: 3 TV y 
x -y ZX-triSj, -)Vf &Zt ifiX' # ft . 

[0039] jjaRBHc*j»t*7*y 7x 

109$: , E7^-riftf^7Q-^-^-hS:#BSLooi^Hj 

-rft. i-r, vTToi-ciiJdra^s^ty^Ha* 

^Sgo T V ^ ft o L . JMttf ^, f y 7702 

*JM»*»U frWUJWlfcifcTr*. Xf -y 7*702 
Tii . 9mt^ ^tV imfirtrZWR LX ^iicMi tele 

UTS. ^.^•y7703T'«. MI fclfilf $ tltz* ^6 'J #M 
ife^*^-v -y i^a 5X5r@C:-rnI#g14*^U^fd^S: 
WjeL. ^-v •y^ J .5^$:e^-r^tt*^V^^(fX 
f- y7704 ^©JffllSr^L, ffiV^^^ti^-^f y7701^ 
•WP*»LTiJCtf5>*U«IW^*jlBW*. Xf77 

704T-tiMi iztm L*z**v trntrvuxz 

[0 04 0]^:, 7j^2fcJ; 0^-7°^^^^a-;u 
■T •i.^^Jffi^J^BiByl-r ft . 73 * 2 T1S . 733C 1 COM 

cowmiz ±->xfte>titzvyh^x.TJUy°7'( 

tltz^^-y^^-jU 106CO*-^;ua5$r, )V-7Mm 
«113 T'^iSclIlSBBLr. ^x^^i-;H07&# 
ft. ico;w-7°lgraiSt<S, lmcDTUy^ y^^com 

ftT'ilBIS*^^^ >y ^A^iJ^Tfg^dr^ -y y*/D 
•y^^#$$rB. ^^U^BB^tcioT^HS^ixft 
^Sgc0^# $ £ D „ ie?iJ#BBc7)g^ir)ii^<a £ N fc f ft 

-[-0-0-4-1-1-/U— T-^giraSrlT^a-i:— HWr TVT 
x -y^^-ffl^lHtcJ: 0 , )V-y°*mmVX%hix 
tz^xy^jL—jU vnfrt>K£%7V 7x y^-^?r 
BflBfrfft. ^^(ciO. %ft=5rr'J7x-yf-^S-^i 
^v^Sj^W^^x^y J .-;H03*^#^ttft. ^co% 

M:%7Vyj:-yj-fii<frCDW\mzmLXl£. 7'j7x'yf 

^{sb/d [ate i m.mf-?tui+ftx'h& z t trh . 

SW^iX^«-^c07-U7x>y^-^^LT. B/Dffl 

is # cr y 7 x -y ^-^4r*^^f $ it ft i 3 . -eixl^i-co 
tf&^trHOI^-rft. 

[0042] m±(C^^^7j^-C'{i. rt^TlBbW 
<^ft%^tfcO#ftcoT\ ;w-rSK^<K<ffi.^ 

5ttcj*^7tJ:3fc. B/D^InJ^OjELtJ^lCT- 
y 7 x -y f-^^'fgff^ixft J: 5 tc. ^ftUJ'hcO^iSr 
H'JI^Wf, ^5C*«rrU 7x v^MW*»ff«f*i* 
^ fc^ft^'. gHSM>v*# <^rftc7)£|56<-^ t*>'T'# 
ft. 

[0043] JJEKWfc*»t*7 , y 7x yf-^H'i^P 
114cOl!)t^$- , 18(:it7D-ft-b^fIL-90 
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&m -5 X V if 0 frZWfe t . ibWfXf -y 7°803 

T'li H 1 fc*5tt4/V-TRBH8113fc J: =» t-£ 

SiOCEIW-*. Xf»/H«fli. OSiSn(C»tT. 
(lSTB/DT^J-ofc* 1 ? : (i mod (B/D)) * 0)& 

.y^gH*PFi£MkU XT>/r802^©JlW?r^LT<X<0 
f-^#B/D|g^)l» l )3EttJ*fc»tTS*».«)ikfe:'ar 

th^<rmm^mmtt. jsscjio*-^ 

;trt:+ISIlS104 SrftS. 

[ 0 0 4 5 ] mz. TV 7x >y?-ffH**J&«l&ll(H=t5^ 
7 x y f-^$rfflt= LTflattWr^U 7 x -y f-ift^=B 

zcom.zmz.ii.. iwj7x7H^ 

SBTTiBtW^** -y ^x^UMf^^ y v-^-T* 
o>y7?)7<E*$$:B s ^c*y#«WMfrfc:J:-5T<MI*ii 
65815^*$ SrD. #ffil£KMZ$£tl&7V 7x «y 
f-«^<^Bt*Mfc-t«k, WifcT. M/<B/D)H±*>* 
/jNCOSgtfflOiK®B<p5rry7x<y^#^-5r^t. B/ 

D^cory 7 x -yf-^t locoissw&ry 7 x -y 

-f S t - +ISIB104* OTceoT'J 7 x -y ^-^2rffl^ 
L . frfc &=£)£ L fciRSttSr?* 'J7x7 ^HH*£ Jn 

[0046liXC. «EfiF^57#ia*lll"C«. +ISIB1 

[004 7] <W=, V7b^x7AM77^yft^ 
^ x ^c; A _,H06 *^-T«Httfll3ra»lllBBI! 



2 <oi§^- t I3l«i= , 1 aw>7* y 7 x ••/ <o#tfrc± 

"y i'x^lMfi^^ -y ^x7o -v7CD 

ry 7x y^-#^«7ca5ii5t=i5v^ry 7x, 
.yf-^fraf»»iiot«#»i.fc»iw*7'y ^x yf-" 

ifir^t=«7ci-4. M«W7' , J73:»fWWc. n 
®C07 y 7 x PF1.PF2 PFn##tj£LTi5 

y. {Rgwry7x-yf-^vP3& s . /v-7°KHBg?ii3t= 

iot m«<0flSB«r 'J 7 x >y f-^frVPl U VP2 VPm 

[0048] n = B/D<0*§^\ j=i mod (.B/D) ft 
hk. VPi*PFjfc«SJ*£6. n<;B/D(^. j = i 
mod (B/D)fc-T4k. 1 S J ^ n&£>fcfVPi£PFj 

t=a§mx. n < ; j&^«r. vpifcfflSH-*. 

[0049] cW:i->T. 7C«7'j7x7f^^ 

[0050]iXC 7'J7x7f7K^tiSS116 t= 
io-C, 7 'J 7 x 7 f J: I. f-^«iS* 5 ^Tt 
i,C0l=+»5t^y)ltT'r-^A i ry 7x yf-$H4 
J; 5 , ^X^^*x-/H08<07-y 7i 

H 1^XS:PS5 1 . 5l*=StT U7x -y 
i^rv^^^^j.-;H032r#4. 

[005 1 ] ;oTb'^xcy)iifi5{i. «i«r. SWXt: 

FETCH X(i) 

tV^7'J7x7 ^-^^^'S) -> » <JW> J: 5 
[0052] -fSr^. x* i J*.-)VZtd-z)V-7<r>i 

®btzw$mizwth*r4 7>vm:^^ 7>j7x7f 

tfe^l= i -9 T ±E«36» * y ^ a^R't - 9 <r>* - v 
■tik. M/L+(B/D)J:0J^«5ik'h«MfclsW* 1 ' 

£ fc«a-r ssjfls**^ 'J 7 x ,;/ ^* * 5 tcrfix 
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